ABSTRACT
INTRODUCTION
Adaptation of the maternal cardiovascular system to pregnancy is characterized by a rise in cardiac output (CO) and a fall in peripheral vascular resistance from the first to second trimester 1 . The reduction in peripheral vascular resistance (steady component) represents an important adaptive response that is useful in maintaining mean arterial pressure within the normal range when CO increases. This low-resistance, high-volume, hyperdynamic and hemodiluted pregnant state appears to be important for appropriate uteroplacental perfusion and effective fetomaternal exchange [1] [2] [3] . In the past, a correlation has been found between fetal growth and total vascular resistance (TVR) 2, 3 .
There may be a role for antepartum bed-rest strategy in enhancing fetal growth through improvement of maternal hemodynamics. However, there is debate on its efficacy for preventing fetal growth restriction and increasing birth weight 4, 5 . Obstetric practice related to bed rest/activity restriction varies from complete confinement to bed (at home or in hospital) to resting in a reclined position in a bed, couch or chair a few times a day [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . No data are reported in the literature about the influence and benefits of activity restriction on maternal hemodynamic status.
The purpose of this study was to assess the efficacy of activity restriction for reducing peripheral vascular resistance in normotensive pregnant women with raised TVR and to evaluate the effect on fetal growth. pregnancy was followed. Recruitment was designed to obtain a total of 30 women with gestational age between 27 and 29 weeks who were to be divided into one of two matched groups of 15 patients. To achieve this, 45 patients were invited to participate.
Inclusion criteria were: prepregnancy body mass index ≤ 25 kg/m 2 ; blood pressure < 140/90 mmHg before and during pregnancy; singleton pregnancy; TVR between 1300 and 1400 dynes × s/cm 5 at enrolment; normal fetal Doppler parameters at enrolment (abnormality was defined as umbilical artery pulsatility index elevation of more than 2 SD above the mean and/or cerebroplacental ratio more than 2 SD below the mean, as described previously 3 ); and abdominal circumference (AC) between the 10 th and 25 th centiles according to Hadlock et al. 14 . Exclusion criteria were: tobacco use; maternal heart disease; pre-existing maternal chronic medical problems including chronic hypertension, hematological disease, renal disease and autoimmune disease; use of medication other than iron supplements; undetermined gestational age; and chromosomal or suspected ultrasound fetal abnormalities.
In terms of daily activities, all included women were required to have a daily office-based activity, carry out housework daily for at least 1 h and walk for at least 30 min/day on at least 5 days/week.
Patients were assigned to activity restriction (activity-restriction group) or no treatment (control group). Activity restriction was defined as absence from work, laying down for at least 4 h/day and abstaining from housework.
Participants were invited to write a weekly diary of their activities so that adherence to activity restriction could be monitored. The provided weekly diary is shown in Table S1 . Patients were included in the activity-restriction group only if, for at least 5 days/week, all activity-restriction measures were checked as 'Yes' and if no significant physical effort was described in other activities.
All patients underwent a clinical evaluation and routine maternal echocardiography at enrolment. Patients were assessed after 4 weeks for TVR and fetal growth. Those in the activity-restriction group were then prescribed to continuation of activity restriction and all pregnancies were followed until term in order to record fetomaternal outcomes and neonatal weight centile. Written informed consent was obtained from all study participants.
M-mode, two-dimensional and Doppler echocardiographic evaluations were performed with the patient in the lateral position using harmonic imaging on a Samsung WS80 Elite or Philips ie 33 ultrasound machine. Measurements were recorded as described previously 3, [15] [16] [17] , according to the recommendation of the American Society of Echocardiography 18 . Assessment of diastolic function was obtained, as described previously, according to the recommendations of the European Society of Echocardiography 19 . The following variables were measured: peak flow velocity in early diastole (E-wave velocity) and during atrial contraction (A-wave velocity), deceleration time of the E-wave and isovolumetric relaxation time of the left ventricle. Tissue Doppler imaging of the septal wall of the left ventricle was obtained and the E/E ratio was obtained, as described previously 20 , according to the recommendation of the European Society of Echocardiography 19 . Ejection fraction was calculated using the Simpson method according to the recommendation of the American Society of Echocardiography 18 . Stroke volume (SV) was calculated as the product of aortic valve area and aortic flow-velocity time integral obtained using pulsed-wave Doppler at the left ventricular outflow tract, as described previously 21 . CO was calculated as the product of SV and heart rate derived from electrocardiographic monitoring.
At the end of maternal echocardiographic examination, systolic (SBP) and diastolic (DBP) blood pressure were measured from the brachial artery using a manual cuff with the patient in the seated position with their arm at the level of the heart and their feet supported or on the ground 22 . Korotkoff phase V was used for the determination of DBP 23 . TVR was calculated as dynes × s/cm 5 according to the following formula: Fetal biometry and Doppler measurements were obtained by a single specially trained examiner using a Samsung Ws80 Elite ultrasound machine. Fetal biometry was assessed according to Hadlock et al. 14, 24 and included biparietal diameter, head circumference, abdominal diameter, AC, femur length and humerus length. Doppler measurements were obtained from the umbilical artery and fetal middle cerebral artery, using previously described methods 1, 3, [25] [26] [27] [28] . Sonographers were blinded to patient group.
Statistical analysis
Data are expressed as mean ± SD. Data were tested for normality of distribution using the Shapiro-Wilk test. Only E/E ratio and E were found to be non-normally distributed. The Mann-Whitney U-test was used to compare non-normally distributed data; normally distributed data were compared using Student's t-test for paired data. Once all patients had been assigned to a group, intergroup comparisons were performed to test for correct matching for age, TVR and other cardiovascular parameters. Linear correlation analysis was performed using the least squares method.
RESULTS
In total, 45 patients were invited to participate, of which six declined, four were lost to follow-up or did not complete their weekly activity diary to a sufficient standard and five were excluded due to having developed complications. Thus, 30 patients were included in the study, of whom 15 were assigned to the activity-restriction group and 15 to the control group.
No patient in the study group gave birth to a neonate with a birth weight below the 10 th centile nor did they develop gestational hypertension by definition, according to the inclusion criteria of this pilot study. Table 1 shows the baseline characteristics of the two groups at enrolment. Correct matching for age was demonstrated by an intergroup comparison showing no difference in the control vs activity-restriction group at enrolment. Table 2 shows the main maternal morphological systolic and diastolic parameters of the two groups at enrolment. No difference was found between the groups in any of the examined parameters. Table 3 shows the main maternal hemodynamic and fetal characteristics at enrolment and 4 weeks later. Correct matching for TVR was demonstrated by intergroup comparison, which showed no significant difference in the activity-restriction vs control group at enrolment (1358 ± 26 vs 1353 ± 30 dynes × s/cm 5 ; P = NS). Compared with at enrolment, after 4 weeks the activity-restriction group showed non-significantly lower MBP and significantly higher CO and lower TVR. TVR after 4 weeks was significantly lower (1165 ± 159 vs 1314 ± 190 dynes × s/cm 5 ; P < 0.05) and AC and EFW were significantly higher compared with at enrolment and Data are given as mean ± SD or n (%). BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
with control group after 4 weeks. In the activity-restriction group, neonatal birth weight centile was higher (26 ± 5 vs 19 ± 4; P < 0.05), as compared with controls. Figures 1 and 2 show the correlation of TVR and TVR index (calculated from cardiac index), respectively, 4 weeks after enrolment, with birth-weight centile in the 30 enrolled patients. The correlation with absolute TVR was found to be stronger.
DISCUSSION
The aim of this study was to assess if maternal activity restriction has a positive effect on the maternal cardiovascular system and, therefore, fetal growth, in order to evaluate if this strategy could be of value in pregnancy with fetal growth restriction. The results demonstrated that pregnant women prescribed with activity restriction had reduced TVR and increased Data are given as mean ± SD. *In diastole. DtE, deceleration time of E-wave; IVRT, isovolumetric relaxation time of left ventricle.
Table 3
Hemodynamic and fetal parameters at enrolment and after 4 weeks in 30 normotensive pregnant women with raised total vascular resistance (TVR), assigned to activity restriction or no treatment
At enrolment After 4 weeks At enrolment After 4 weeks
Heart rate (bpm) 72 ± 8 7 4 ± 7 7 4 ± 7 7 4 ± 10 Mean blood pressure (mmHg) 87 ± 6 8 3 ± 8 8 6 ± 8 8 7 ± 6 Stroke volume (mL/m 2 ) 7 2 ± 9 7 9 ± 14 70 ± 11 73 ± 10 Cardiac output (L/min) 5.1 ± 0. fetal growth during the third trimester. This result was further confirmed by birth-weight centile at term, which correlated with TVR and TVR index at 31-33 weeks' gestation ( Figures 1 and 2 ). In our protocol, activity restriction was not intended to involve strict confinement to bed, which can lead to complications and undesirable events, as has been reported in the literature 4 . Cardiovascular changes during pregnancy are thought to represent a physiological adaptation to volume overload as a consequence of increased maternal vascular bed capacity [23] [24] [25] [26] [27] [28] [29] [30] . Normal adaptation includes plasma volume expansion and a simultaneous reduction of TVR and systemic arterial blood pressure, primarily due to the placentation process, which ensures adequate perfusion [23] [24] [25] [26] [27] [28] [29] [30] [31] . Cardiovascular changes also include a rise in heart rate, SV, CO and inotropy indices [28] [29] [30] [31] [32] [33] [34] [35] [36] . Appropriate maternal cardiovascular adaptation to pregnancy appears to be linked to normal fetal growth [28] [29] [30] [31] [32] [33] [34] [35] . In particular, TVR in the third trimester and neonatal birth-weight centile have been shown previously to be inversely related 2, 3 . The current study appears to confirm this correlation for normotensive pregnancy with normal evolution. This might imply that a reduction in TVR in the third trimester, obtained by a mix of reduction of MBP and rise in CO, might aid fetal growth.
Only a few studies have been performed on bed rest and activity restriction, in which it was demonstrated that daily rest in normotensive women may reduce the risk of pre-eclampsia, but no data are available on their effects on hemodynamics or fetal growth 37 . This is the first study to demonstrate that maternal activity restriction improves maternal hemodynamics after 4 weeks as compared with continuation of normal working activities. Abstaining from work appeared to slightly increase maternal CO and SV, thereby reducing MBP, resulting in a reduction of peripheral vascular resistance. It should be underlined that both groups of women had normal blood pressure values at enrolment and only a slight non-significant decrease was detected in the activity-restriction group after 4 weeks.
TVR is considered to be the best independent predictive factor for the identification of hypertension-related gestational complications at a cut-off of 1400 dynes × s/cm 5 , with a positive predictive value of 77% 15, 38, 39 . TVR might be seen as one of the best parameters to describe the underlining hemodynamic maladaptation. Lack of TVR reduction and low CO are considered elements of an underfilled cardiovascular system and cardiac dysfunction, which contribute to failed perfusion with subsequent impaired oxygenation and nutrition for the fetus. Furthermore, to confirm the effect of the hemodynamic improvements, a fetal ultrasound examination was performed to evaluate the gain in AC centile and estimated fetal weight. Our data showed significantly increased fetal AC values after 4 weeks of activity restriction and significantly higher birth weight in the activity-restriction group compared with controls. This highlights the influence of maternal activity restriction on placental perfusion and its resultant effect on fetal wellbeing as a consequence of superior maternal cardiovascular circulation.
This study was limited by the fact that it was a small pilot study, and that all patients were normotensive and had a physiological pregnancy. A study on pregnancies with fetal growth restriction is needed to confirm the positive effect of activity restriction on maternal hemodynamics and fetal growth.
In conclusion, activity restriction in normotensive pregnancy with raised TVR appears to reduce TVR and increase CO, and concurrently improves fetal growth. Further work is required to assess its utility for pregnancies with fetal growth restriction.
